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Jackground

In May of 1970 == attorneys for plaintiff Julius 'J. Hobson
brcught suit in the Unicsd Staces NDistrict Court for ire I'iztri-t
<L Columbia to oo an onder requiring the Wasinington D.C. School
“eard to equei’ » o renoiturs per pupil, within a five pecceit rio.-,
arorg all the eirmertiry schools in the system. (Hereafter we will
refer to the cass as Hobson v. Hansen II.)

This suit was the outgrowth of two previous actions. The first,
Beiling v. Sharpe. « companion to the famous Brown v. Board of Education
case, outlawed the Jegally segregated Washington school system, which

existed prior to 1v34. The second was Hobson v. Hansen I which, in

19¢7, outlawed the rigid ability grouping -- called the track sys.:m --.
practiced in the L.{. schools. That order also required the shifting

of teachers to prcorote faculty integration, and ordered the assign-

ment of volunteering children from overcrowded black schools o white
schools with excess capacity.

The judge in Eobson v. Harsen I was the Hon. J. Skelly Wrigh=,

whe 18 also sittine in the current case. His 1967 opinion said

that, in the presence of any de facto segregation in Washington

schools, "...the miaimum the Constitution will require and

guarantee is that for their objectively measurable aspects these

schools be run on the basis of real equality, at least unless any




inequalities are adequatelv justified.”

The initial submission by pluintiffs in the current case noted
tnat substantial inequalitiec .r per pupil expenditures existed in
197G, that these inequalities were discriminatory by color and income,
and thi¢t therefore the School Brard was violating the above quoted
digtum.

Early in the case, the ~onrt, recognizing that large schools are
likelv to have lower overhead ~osts per pupil than small schools,
sh”ited the focus of the case from total expenditures per pup: to
cutal Ccacher expenditures per pupil. Judge Wright th=n issued A
formal "show cause" order to the D.C. School Board asking:

", ....why the school board should not devise a

plan to equalize within a five per cent variation

expenditures for teaching costs out of regular funds

among all District of Columbia elamentary schools for

the 1971 fiscal year."
As a result of these events, the School Board asked the authors to
prepare an analysis of the underlying causes of variation in expendi-
tures on teachir; among D.C. elementary ¢ hools.

Highlights of our resulting analysis are presented in the rest of
this erticle. Because our conclusion- tended to support tl.e School
3card's side of the casz, the analysis was subsequently submitted
tc the court as a technical affidavit in the defendent's sulmissior cf

18 January 1971. As of this writing Judge Wright has nct yet issued

a ruling in the case.
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We report »nar analysis here because we fecl it will Le of gen . 3
interest to econcnmicts, statisticians, and ~uhcr quantitatively
ariented social dcientiats% It attempts to bring some cimple tocl, - i
sconomics and statistics ~o bear cn a pressing social issuve. We hir-
also that it will serve to point up gaps in existing knowledge and “hi=
help to guide future research on the economics of education. Finally,
ve think that a reading of our report will serve to instill in the
reader a healthy skepcicism against ready acceptance of pesitions tainn

by those who seem to be on the side of the angels.

y -

II. Basic Issues in the Case

-~ The proposed ordgr in Hobson vs. Hansen II calls for the equalization,
Awithin a 5 percens range) of teacher expenditures per pupil among
elementary schools i;‘fhg;nié; School Syétem. ~;§ take the vencral attitude
that the parties on both sides of the case recégnize and subscribe
to What~we~§ee~as»tﬁz/implicit objectives of this order: (1) eliminatisn

of discriminatory variation in the quality of scheooling received, either

by color or by income class, and (2) reduction in the amount of dispevrrizn

in schooling quality generally, even among children of the same racial

> ‘

- -As we see-it,the major issue inthis case is whethe¢ ordering egraliia-

and income groups

tion of teacher expenditures per pupil will in fact lead t., cr even

cspecially so to those students interested in understanding the relationship
between Civil Rights. protest and the achievment of equality of treatwent in
the allocation of schooling resources. A recent study by Baron, "Race and
Status in School Spending", Journal of Human Resources, vi,1l,pp.3-24, examin-
ed this relationship in the context of ﬁﬁIcago elementary schools. He used
expend;ture variation changes to index quality of schooling variation changes
over time. This procedure raises similiar kinds of questions to those raised
by the proposed equalization order in this case.

. PP
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lielp move in the dircction of, the attainment of these two objectiver. . .

Expenditures will measure quality of schooling variation if the \\\
exdenditure diffavences eclact differences‘in teacher quality, cla,.
size (in ranges that matter for educational quality), and, again in
such ranges, ratios of special teachers 5 +o pupils.

However, expenditure variation can also be caused by the rfollowir
three factors, in which caze it will not reflect quality of schooling:
longevity incremen.. in teacher salaries that continue beyond the
point at which additionai experience stops contributing to teacher
performance; differences in class size (pupils per classroom teacher)
and ratios of special teachers to pupils within ranges that do not

affect the quality of education received; and differences between

small and large schools in the efficiency of special teachers.?

2At this point it is worth mentioning that there is a much broader issi.. .
of social policy raised by this case that we are not addressing: viz..
the appropriateness: of using the courts to enforce equality of treatmer:r.
in the distribution of public services. We do not take up this

important issue of law and social policy in our paper. Also it is

clear that the desire for equality of opportuni<y which invalidates
benefit taxation for schooling is sufficiently sidespread that we

may assume it has influenced all the parties in this case. If we

were wrong, one would have expected the defendants to have fought the
case at least partially on the grounds suggested here. They have not.

3'Special teachers in the D.C. elementary schools include both speci:.
subject teachers (e.g., history, math, etc.) and remedial type teachzrs
(e.g., help slow readers). These teachers are not assigned specific
classes but are itinerant between classes within a school, and even
travel between schools in neighborhoods where schools are small.

4It should be kept in mind that quality of schooling variation could be
pervasive and yet not be related to input characteristics explicitly
purchased by the school system. Indeed the sources of such quality
variation may not be readily quantified at all: teacher morale may

be high because of a cne-in-a-million principal; a teacher may
stimulate some students and turn others off; etc. These types of
intangible factors obviously cannot be equalized by expenditure equali:. -
tion orders.
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It is, of ccurs2, most likely the case that expenditure variation
wit.iin the D.C. =chcol system reflects, to sone extent, both variations
in quality and the etffocts of the above set of factors. However, it
is crucial from the peint of view of this cise t¢ get some idea of
the relative “mportaice of these two setc of factors. If quality ot
schooling is only a ainor contributor to the observed spread in
expenditures on *eiching, then an equalizaticn order, besides beiny
an irrelevant and costly constraint to place on schrol system administiAa-
tors, might rave the perverse effect of increising the amount of
educational quality variation in the system.

There are a nunber of ways in which direct perverse effects mav
come about depending on the precise form of the production function
for education. The results of our own production function analysis
indicate that teacher experience stops contributing to teacher prodi.tivity
after about six years, which is 10 years short of where longevity
salary increments stop. Since we also shows, in Section III, thar
only about 20 percent of the variaticn in average teacher salary
across schools is associated with variation in the percent of teachers
with less than six years of experience, clearly the scope for perverse
cffects is present. As 1 concrete «xample, consider a cchool wvith =
above average sharc of very old teachers, a belcow average share of
taachers with an intermediate range of experience (who are just as
productive as the very old teachers), and an average shar: »f yosung,

inexperienced teachers. Assune also that this school Las an average

5See Section 1II, A.




teacher-to-pupil ratic. Tecause of the excess chare of very old
teachers, this schror would have above average per-pupil expenditures.
Now, if this school, when ordered to equalize, were not able to
idijust by trading i=: o «ess share of very old teachers for less
c«pensive ones the: .t woild have to make par- of its adjustment
v reducing the overall -eacher to pupil ratic. This type of
11‘ustment might 'ead t.» lower quality of instruction.

In additior to ncscible perverse effects on variation in quality,
in equalization crde: night also operate to reduce the overall
level of quality tnz2 D.C. system could obtain for a given expenditure
cutlay. This could ccme about, for example, if tsacher recruitment
becare more difficult in the face of increased shifting around «f
tea .ers from year to vear required by the need to abide by an
caualization order.

Clearly, yiven these possibilities, some systematic investigatic .

:t :he relationship retween quality variation arnd expenditure veriaticr

is Ir arder.

In the first par: of our report we present a components-of-
varistiom analysis (Secxtion IITI) that breaks down the variatica 1.
L2acher axpenditures per pupil into parts attributable to variav..c 1na
tracher rvpeslience, average class size, special sudject teacharr .
ixhey special teachers per pupil, and counselors and librarians oer
.1, This part of ocur study in itself yields some suggestivae ~esult.
ax. . the possidla range of variation in edicational quality an the

-
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ctem, especially with regard to just how discriminatory this variatic
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Deeper insight ir=> the trme amount of quility variation in any

aducational system, ... .73 reguires detaile' .. <wledge of just wh. -
ringes of valves .. 2 s recsusces ipike oo cher experience ..
class size affect Wil of education :e: {ved. We try to provia:
some of this knowledc Section IV. We present both a summary

of the results of ¢~ . » . studies as well as ~ur own statistical
analysis of the rosil+. [ the city-widn sixi. grade reading test
s.3ninistered in Septea~- of 187C.

Our report concludes with a summary of our findings as well as o
recommendations with reciid to the wisdom of .mposing expenditure

equalization on the D.C. school system (Section V).

IITI. Expenditure Variation and Rasource Variation

A. All-schools Analysis

Table 1 presents rankings of 131 D.C. elementary schools by three
measures: total teacher expenditures per pupil (henceforth, TTEPP),
average teacher salary, and total number of teachers per 100 pupils.
All measures refer only to pupils in regular classes in grades i-6.
Listed aldngside each ranrking are code numbers (1 through 131) which can
oe used to identify incividual SCh)OlS-S

TTEPP is defined 33 the sum of the salaries of classroom teachers,

« mgvad

tpnzial subject teachers, special teachers of regular students, and

“The data for this table and the rest of the report were generously
farnished by Mr. Sidney Zevin of the D.C. elementary school system.
We take this opportunity to thank him for his advice and for giving
Le insicht into many of the pitfalls of using this data.




TASBLE ]

RANKINGS 01 131 D.C. ELEMENTARY SCHOOLS BY
TOTAL TUACHE ¢« IXPENDITURES PER PURIL {TTEPP),
SVEOAGE TREACHER SALARY,

¢ LMD TOTAL TEACHERS PER 160 PURHLY
VPP
Schoot

ol
36 999 L1 Y X 13 666 a9 663 08 652 PE A

100 047 20 00 1 663 16 03 106 551 121487
26 895 g0 707 12607 9 £ 105’49 63 "7
43 89 ©104 0 705 i G5 6 603 35 548 2y an?
a1 BEG 50 792 Lo 650 20 594 13 549 17 A8

112 Bl 4% (NG c5 650 92 993 81 44 32 479

107 825 73 694 70 M8 29 502 119 542 55 <79
37 813 2 607 e 616 5 502 16 534 25 477

7 f02 53 6u0 100 642 3 590 78 €31 GG 469

11 802 724 68D 54 638 79 579 45 528 a7 436

ns 766 O Y4 57 636 14 876 130 527 122 46A
52785 15 633 52 633 7 57% 129 527 127 461

168 7181 111 ua 34 6 110 575 44 526 .75 452
77 780 120 670 17 626 on  n74- 103 525 126 450
2 10 ¢ Gv 114 €26 18 573 w2 523 117 447
98 67 1Y 63 22 ¢ 33 5N g4 523 124 413
2766 gy &77 22 619 23 568 2% 520 35 412
64 764 19 671 60 616 a3 567 a1 620 © 42 M2
8 50 a8 G670 69 51C 4 5GG 1 508 r A
39 249 11 669 67 613 40 L6A 65 505 12: 403
& /48 116  6A) 95 610 12 561 91 01 123 330
2 736 61 663 58 605 46 5%5 85 497

Average Teacher Salary

43 13964 4 11077 17 11460 37 11059 88 10465
7313773 118 11083 56 11447 118 11024 28 10482
61 135890 9 1M7 61 11424 106 11013 98 10446
49 13129 112 1910 104 11420 19 10982 76 10411
62 13024 32 11899 6 1140 120 10931 35 10403
26 13012 111 . 11889 3G 11378 72 10758 130 10267
27.712914 22 11879 21 137N 103 10914 129 10246
108 12839 127 11255 12 113064 44 10009 47 10215
39 12058 53 11£47 14 11357 68 10892 97 10122
20 12302 71 11634 46 11349 45 10834 119 10112
17 12770 50 11810 13 11344 67 10271 B 16108
7 12577 105 11215 69 11329 65 10854 €0 10633
3 125820 102 11803 29 11324 §2 10802 70 9797
18 12475 54 11793 83 11308 100 10767 29 9722
2 12438 8% 11775 95 1128 93 10762 23 070y
88 12402 60 11704 18 11286 25 10754 42 aLe’
34 12383 10 11628 57 11282 63 10741 12€ 56306
1112233 107 11695 1 11268 113 10738 123 €533
59 12372 131 11670 116 11242 110 10735 0N 0473
80 12337 125 11GSA 46 11240 Ry 10573 81 9120
65 12233 100 11540 92 11226 5 10660 2 11
! 38 12212 15 11510 109 11224 66 1692 123 [slelV )
‘ 22 121N 114 115156 79 11205 121 10572 172 8759 N
| 94 12147 .96 11488 41 11203 31 10550 75 8743
78 12038 74 11483 23 11201 99 10540 124 £594 -
64 12034 €4 11475 30 11108 55 10637 17 8378 .
40 12002

Total Teacher.Per 100 Pupils

127 389 103" 4G5 33 5.10 95 5.40 81 5.77 72 619
23 307 123 467 130 5.14 11 540 12 5.78 30 €74
35 316 g6 4.63 129 5.14 5 541 53 5.83 24 6.34

123 4.8 47 489 79 547 114 543 39 583 R4 633
85 427 40 470 75 517 69 G4 61 585 7 6.33

128 422 3 4 110 5.20 17 547 52 5.6 £7 6.39
42 426 4 473 22 521 83 549 23 587 43 6.39
21 428 13 4.80 20 523 76 5.53 101 587 51 6.52
78 442 124 4.80 82 576 5 559 48 590 115 657
66 4.43 163 4381 60 5.26 2 557 15 5.02 32 6.60

102 4.43 128 482 93 527 58 6.59 59 592 70 G.61
25 444 G 482 91 524 66! 27 593 56 6.70

1 a5 14 482 92 5.8 67 - 5.63 50 694 26 G688
63 454 45 435 G 5.29 57 564 116 595 89 69
&5 455 16 4.87 68 5.0 62 5065 100 5.0¢ 112 7.06
84 A5G 31 493 93 5.29 95 5.5 74 . G.00 107 %14
10 4.56 26 494 49 530 121 570 68 6.03 37 7.40
a7 46! 106 501 122 532 90 572 108 6.08 8 742

21 461 73 506 130 535 18 572 77 6N 13 7.7
20 4.6 14 507 94 536 111 573 19 6.11 38 818
‘1 a6s 9 508 119 536 80 573 104 617 109 844
A5 465 34 509 117 536 99 577 126 6.18
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(Table 1 continued)

WASHINGION D.C.

1. Aiton
. Amidon
3. Barnard
4. Beers
S. Beuning
~» Blow
7. Bowen
£. Brent

9. Brightwoici
19. Brookland
1l. ?2ryan

2. Buchanan
13, Bunker REiil
14. Burroughs
15. Burrville

l16. Carver

17. Clark

18. Cook, J.F.

19. Crummell

20. Davis

2)l. Drew

22. Eaton

23. Eckington

24. Edinonds

25. Emery

26. Fillmore

27. Gage

28. Garfield

29. Gibbs

30. @Giddings

31. Coding

32. dardy

33. Harris

34, Hearst

35. Hendley (+ Hendley
Annex 1 & 2)

36. Houston ’

37. Hyde

38. Jackson

39. Janney

40. Keene

41. Xenilworth
42. Xetcham (+ Xetcham
Annex)

cL.CMENTARY SCHOOLS EY

43,
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
59,
70.
71.
72.
73.
74.
75.
76.
77l
78.
79.
80.
81.
82.
83.
84.
85.

86.'

Key

Kimball
Xingsman
Lafayette
Langdon
Langston
LaSalle
Leckie
Lenox

Lewis

Logan
Lovejoy
Ludlow-Taylor
Madison
Mann

Maury
Merritt
Miner

Mott

Murch

Nalle
Nichols Ave.
Noyes

Orr

Qyster
Patterson
Payne
Peabody
Perry
Petworth
Plummer
Powell (+ Annex)
Randle High
Richardson
River Terrace

Shepherd
Simmons
Simon
Slater
Slowe
Smothers
Stanton

CODE NUMBER

87.
€8.
89.
0.
9l.
92'
93.
94.
9s5.
96.
97.
98.
99.
1co0.
101.
102.
103.
1o4.
105.
10s6.
107.
1cs8.

115.
lle.
117.
ii8.
119.
120.
121.
122,
123.

124.
125.
126.
127.
128.
129.
130.
131.

Stevarns
Stoddert
Summnoy
Sypla .
Takcma
Thomas
Thomson
Triaesdell
Tyler
Van Ness
Walker-c-nes
Watkins
Webb
West
Wheatlay
whittier
Wilson
Woodridge
Young
Rancroft
Bruce
Bundy
Cleveland
Cooke, H.D.
Garrison
Grimke
Harriscn
Meyer
Menroe
Montgomery
Morse
Park View
Raymond
Seaton
Tubman
Birney
Congress Hts.
{+ Annex)
Draper
Green
McGogney (+ Annex)
Moten
Savoy
Turner
Adams
Morgan (-+ Annex)




special subject teachers, special teachers of reiular students, and
counselors and librarians, divided by students enrolled in grades 1
through 6. Teacher salary data are projections for FY 1971 made as o:
15 September 1370. Student enrollment data (arnd the teacher quantit:
data used toc compute average teacher salary) are as of 22 October
1970. All expenditure data refer to District of Columbia appropriated
funds only. Kindergarten children and special students were excluded
from the analysis. There was insufficient time to do a separate
analysis for these children, and their class sizes and average teacher
salaries are so different from regular grade 1-6 students that merginc
them is inappropriate.

The overall unweighted range of variaticn in the three measures
in table 1 appears striking.7 In TTEPP the highest school (38 =
Jackson) received about 2.5 times more than the lowest school (128 =
Moten). In terms of the two components of this variation, the crelative
variation in total teachers per pupil appears much the larger.

How ruch of this variation in TTEPP (or alternatively in its two
components) represents quality of schooling variation? This of cours:
is the $64 question, and we must approach it gradually. Table 2
presents a components of variation analysis that suggests the '.inds
of evidence needed to answer the big question.

The three main rows of table 2 (1, 2 and 3) give the weighted means

of the three variables in table 1. Three measures of dispersion in

7This results partly from having no "benchmark" against which to eval-
uvate this dispersion. Any large centralized system tends to exhibit
in any year some amount of dispersion in resource allocation among its
conponent units. Comparative system studies are clearly needed.

-10-




TABLE 2

TOTAL TEMRCHER EXPLITIURES PER PUPIL (TTLPP) AND COMPONENTS;
AMALYST: CF VARTRATION ACROSS NLL 2 SCHOCLS

l. Mﬁarl HEPP! . L] . . L] . . . . . . © L] . L] . . . . - . . LRY) . . 0$57C .Oq

1A. Standard devici™rm v v e v e b e e o e e e e e s e e e WS5108.94
1B. Standard devietion »f the log of TTEPP . . . .+ . % & . . 0.182
JC. Variance cf the 103 of TTEPP o v v v v v v v 0 0 o v 0 o v o D057

Mean AveI‘ag‘e Teac‘! R ,"1181‘}1 (ATS) e 8 6 ® e ¢ o o o & o & 3 $ll,156nc/1

[

21\. Standam qeviatibl’: [ ] e - . L] L] L] . L) L] L L] L d . ° ] - » LJ $1,033 .73
2B, Standard deviation of the logof ATS . . . « &« ¢« « + « « » » G0.095
2C. Variance of the 2cg of ATS + & o ¢ o &+ ¢« ¢ ¢« s« « & o « « 0,009

2A1, Mean ¥ of teachers with < 6 years €XPs « « « + « o « « « 39.1
ZR2. Standard deviatic & ¢ o v 4 4 e 4 4 s e e e 0 e e e . . 12,83
2A3. Mean % of teachers with 2 17 years ©XPe =« o « « « ¢« +» « 18.6
204, Standard devid@®iON o ¢ « 4 4 o v 0 s e s 6 6 6 8 0 e e s 9.8

3. Mean Total Teachevs per Pupil (TTPP). « + o . o .(19.36)7 ., . . . 0.0516

SAO Starldami (1e‘f.iition e & & v 0o & ¢ & o e 2 v (2 065)0 ¢ w & 0 0-0072
38B. Standard devietion of the 1og of TIPP, « ¢« ¢« ¢« ¢« v + ¢« « « +» 0.136
3C. Variance of the lJog of TTPP. « v v 4 ¢ ¢ ¢ o o ¢ ¢ o & & . 0.0l8

8341. Classroom teachers per pupil . . . . . . (26.0). . . . . 0.0384
3A2, Standard deviation . . + . ¢ ¢+ . . . . (2.43). . . . . 0.0036
3A3. Special teachers per pupil . « + « . . .(100.7). . . . . 0,0099
3A4, Standard deviation « + ¢« ¢« ¢ ¢ ¢ . . o o (38.83). . . . . 0,0037
3A5. Counselors and Librarians per pupil. . .(304.9). . . . . 0.0033
3A6. Standard deviation . . + + « « « o o o +(102.2). . . . . 0,0011

*Numbers in parenthesis refer to means and standard deviat.ons of
pupils per teacher, the inverse of teachers per pupil.
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each of these variables ire then given (r.ws 1A, 1B, 1C. 2A, 2B,
etc.). Finally, both average teacher salary and total teachers per
pupil are thems-2lves decomposéd into measures of resources that we
think are more closely related to quality of scheoling. Additional

details of table 2 are discussed later in the text.

wWhat fraetion of the total variation in TTEPP is due to variation

in total teachers per pupil? In average teacher salary? A fairly ri croi.

answer can be given if we lirst shift to the logarithms of the variai.
We can write for each schcol the identity:
TTEPP = ATS x TTPP,
where: ATS = average teacher salary, and
TTPP = total teachers per pupil.
Taking logarithms of each side, we have:

log(TTEPP) = 1log(ATS) + log(TTPP)

Thus, in terms of the logs of the variables, TTEPP is a sum rather than

& product of ATS and TTPP,

There is a well known statistical formula that relates the squar~ of

the standard deviation (called the "variance") of a variable to its

additive components as:

V(Z) = V(X) + W(Y) + 2/’XY SDy - 8Dy,

where /jXY = product mon nt correlation coefficient betwcen X ani v
From this formula and the information in table 2, we can estirate

about 28 percent of the variation in the log of TTEPP is attributable

to log ATS, 55 percent to the log of TTPP, and 17 percent to the

-12-
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positive correlation between these two components across the 131
schools. Thus, we can say that TTPP is about twice as important as ATS
in causing variation in TTEPP among schools in the D.C. system.

Having looked at the relative importance of total teachers per
pupil and average teacher salary in influencing variation in TTEPP,
we can now turn to examine the relationship between variation in these
components and variation in the quality of schocling received.

First, consider average teacher salary, and the question of how
much of the variation in this component represents variation in quality
of schooling. Wé have tabulated for each D.C. school the percent of
its total teachers who had less than 6 years of total teaching
experience and the percent who had 17 or more years of total teaching
experience. The means and standard deviations of these variables are
presented in rows 2Al through 2AR4 of table 2.8

As we will document in section IV, what little empirical evidernce
is available does suggest that gains in teacher productivity attritutable
to experience probably end sometime before the longevity steps end
in the D.C. pay table. Based more on an intuitive hunch than empirical
results, six years was selected as that amount of experience beyond
which productivity increments with additional experience contributes

nothing to productivity. This hypothesis implies that only that portion

BWe have ignored teacher degree-status variation in our analysis here
because it turned out that variation in teacher experience plus the high
correlation between experience and degree status explained practically
all of the variation in ATS. Thus, indegendent variation in teacher
degree status does not play a significant role.

-13-




of the variation in average teacher salary associated with variatio. in

the percent of teachers with less than 6 years experience (let us s<.
bolize this by pt { 6) represents variation in real teacher quai.ty

The simple product moment correlation coefiicient between avai: -
teacher salary end pt {6 across all 131 schools is .459. The 3 ua::
this value (cilled the coefficient of determinaticn), is .210, and *.
the fractiow of the variance in average teacher salary accounted for -
variation in §t<\6. Thus, by this analysis as much as 80 percent ¢
the variation in average teacher salary (or approximately 26 percent
of the variation in TTEPP) may have no effect on quality. Huweve:,
the reader should hold back jidgment on this finding until readin:
section IV.

Next let us turn to *he total teachers per pupil (TTPP) cou . «

with our query about quality variation.

We have tabulated the three components of total teachers per pupil.
classroom teachers per pupil, special subject plus other special to.gh ..
per pupil, and counselors plus librarians per pupil for eacl. of th~ 1°-
schools. Row:c 3Al - 3A6 of table 2 give weighted means and :ti-ia :
deviations of each of these variables.

Since total teachers perpupil is itself a sum of these thr-=2 o .-
porients, we can apply our variance decomposition technique dj;;.:l;-
these variables. If we sgpare the relevant standard déviatirn- in Ll
we estimate that 25 percent of the variation in total teachers .o .'
is due to classroom teachers, 26.4 percent to spccial teachers, .. . 1
to counselors-plus-librarians, and 46.3 percent to the joint positir - . -~--

lation between the three components across schools.'
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Thus a finding of immediate interest? is that variation in special

teachers per pupil is just as important as variation in classroom teachers

in accounting for variation intotal teachers per pupil.

The figures~in parentheses in the various rows of table 2 give
the weizhted means and standard deviations of the inverses of the
measures described. Thus, for example, the figure 26.0 in Row 3Al is
the average number of pupils per class teacher. These turn out to be

better for thinking about the ranges of variation that will influence

the quality of schooling received.

TR

e

Recalling the above mentioned property of the standard deviation,

. "

we can say that about two-thirds of the children in D.C. elementacy

schools are in classes with between 28.4 and 24.4 pupils, and practically }
10

all of the children are in classes within the range 31.2 to 22.0"" This
then is the heart of the issue: does it make a difference in the juality
of instruction whether class size varies within this range? The findings
presented in section IV suggest that this range of variation does not.
However, reasonable men can differ in their interpretation of the evidence,
and judgment siaould be withheld pending reading of section IV.

We turn now to vasiation is special teachers per pupil. Here, some
striking empirical results on the degree of correlation between special
teachers per pupil and enrollment, combined with some plausible a priori

notions, strongly suggest that this variation is in fact attributable

to efficiency in the utialization of special teachers time in larger schools.

gihis point had heretofore been submerged, in that only aggregate pupil
teacher ratio analysis had been presented in the case.

lolt should be noted that even the highest D.C. pupil-classroom teacher
ratios appear to be quite moderate when compared to other large city school
systems. Data from the office of Education show that the average ratio

in the 15 largest school systems is 29.6.
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Charts 1, 2, and 3 show scatter plots of the three componentll
teacher ratios against enrollment. The (X) symbols are schools eist
of the Park, the (0) symbols west.

Clearly the special teachers per pupil variable is much more clcc:t.
correlated with school size than either classroom teachers or ccunsel:: :
plus-librarians. 7Tn addition the fact that special teachers in small
schools tend to divide their time among several small schools provides
“he basis for an economy of scale modal. This would provide an expla:
nation for the observed ticht correlation between special teachers
per pupil and school size. It may well be (but this would require an
intensive study of its own to verify) that a special teacher's travel
time between schools is such that students in large schools receive

just as much classroom time per special teacher as students in small

schools do.

B. Schools Grouped by Socio-Economic Variables

Much of the animus behond the charges levied against the D.C. schc. .
system stems from the feeling that not only does the quality of schcol!
vary significantly in the system but that it also tends to vary in a
discriminatory way: worse for the black and poor, better for the w:4t:
and rich. Indeed, much of the emotion in the case surrounds the experw .
ture differentials that appear when the schools are grouped in one part.:-
ular way in order to reflect variation by socio-economic status; viz.,

schools east and west of Rock Creek Park.Ll?

11rhis refers to Rock Creek Park, which cuts through the Distric: of
Columbia. See note 12 below.

12 of the 131 schools in Washington, D.C., 13 are located in the nredo:.-
nantly white high-income neighborhoods west of Rock Creek Fark. Thes-

schools have only 4% of the total D.C. elementary enrollment, but they
also have 60% cf all the nonNegro children in the system.
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We will subject this grouping first tc our components of variation
analysis. However, there are other and perhaps more relevant ways taat
the scheols and students can be grouped in order to study discriminatory
variation by socio-economic status: all Negro students in the system
vs. all non-Negro students; &ll needy lunch children in the system v:.
a1l nc¢i-needy lunch children; schools east of the Park grouped by percent
nendy lunch quartile and by income qQuartile; schools west of the Park
;rouped by percent Negro. We will therefore consider each of these in
turn.,

(1) Schools East and West of Rock Creek Park.

The schools were divided into two groups: the 13 schools west
of Rock Creek Park, and the 118 schocls east of Rock Creek Park. Weighte.
(by school enrallment) TTEPP and the component measure values were
computed for these two groupings. Results are shown in table 3.

Using procedures much simpler but analagous to what.we did for
all schools, we can deconpose the observed $128.19 diff?rentfal ingo the
following components:

§55.43 due to average teacher salary differential

$62.19 due to total teachers per pupil differential

310.57 due to interaction between component differentials.
A closer look at the anatomy of the $62,19 differential due to

total teachers shows thet fully$ﬁ9.64 of it is due to a differential in

special rcachers per pupil and only &7.55 is due to the tiny classroom

teachers diiferential. Thus,if one accepts the argument that special
teachers per pupil variation is primarily due to true economies of scale,
then it would appear fhat, as between sides of the Park, signiricant
differentials in the quality of schooling do not emanate from the observed

total teacher per pupil differential.

-20=-




TABLE 3

TTEPP AND COMPONENTS;

SCHOOLS LAST AND WEST OF ROCK CREEX PARK

East of the West of the
park park
Ihij;r;:e}:é)ii?ctr‘:ﬁ?ﬂe;upil §570. 8? $699.02
Mean average teacher &aléry $11,104.83 $l§,i83.33
% teachers with < 6 yrs. exp. 39.6 31.7
% teachers with 2 1/ yrs. exp. 17.8 32.8
Mean total teachers/fpupil .0514 .057
Classroom teacherypupil .0384 .0394
Special teachers/pupil .0098 014
Counselors- plus-Yibrarians/p upil .003 .003
Pupilyall.tegchers 19.45 17.42
Pupils/classroom teacher 26.07 25.40
Pupils/special teachers 102.46 68.67
Pupils/counselors -plus- 1ibrarians 304.89 290,90

-21-




What can be said about the $55.83 part due to the average teacher
salary differential? Our calculations indicate that the major difference
in experience mix is not primarily with regard to the very young, inex-
perienced teachers--those with less than six years' experience--but
with regard to teachers with very much longevity--17 years or more.

These super-longevity teachers get paid much higher average. salaries ttan
teachers with between 6 and 16 years of experience, and they may not bLe
any more productive. If that is the case, then only a small part of tlie
average teacher salary differential between sides of the Park reflects

a quality of schooling differential.

(2) Negro Children vs. Non-Negro Children.

Data on the numbers ~¢ Negro and non-Negro children in each of
the 131 schools were obtained. These were used as weights to calculate
our TTEPP and component figures for all Negro students in tﬁe D. C. system
and then for all non-Negro students, Our procéd&re assumes that children

of both races within a given school receive the same allocation of school recour-:a-

The resulting calculations appear in table 4, Since it is well known
that almost all the white children in the D, C, school system go to schocls
west of the Park,a particularly interesting finding is ithat éh; overall color
difference in TTEPP is smaller than the Rock Creek Park differential (table 3).
This reflects the fact that when schools west of the ?grk are grouéed .
by percent Negro enrollment and the' weighted averages o TTEPP are com-
puted, a definite positive correlation between TTEPP and percent Negro
shows up. This is shown in table 5. Thus we;t of the Park there
is no evidence, even in terms of TTEPP, that quality of schooling varies

in a discriminatory way by color.




TABLE 4

TTEPP AND COMPONENTS ;
ALL NEGRQ STUDENTS AND ALL NON-NEGRO STUDENTS --*

All Negro 211 non-Negro

students students.
Mean total teacher

expenditure per pupil $§572.54 $640.08
Mean average teacher salary $11,098.02 $11,629.74
% teachers with < 6 yrs. exp. 39.63 35.01
% teachers with > 17 yrs. exp. 18.01 27.41
Mean total teacherypupil .051 .055
Classroom teachers/pupil .038 .038
Special teachess/pupil .010 .013
Counselors -+-librarians/pupil .003 .003
Pupils/all teachers 19.79 18.54
Pupils/classroom tzacher 26.25 26.28
Pupils/special teachers 1 116.65 89.88
Pupi} counselors- +-kibrarians 340,95 308.37




O T

(3) Needy Lunch Children vs., Non-Needy Lunch Children.
Using the same pr.cedures as with the comparison of all Negro with
all non-Negrc, corresponding estimates were made for all needy lunch and

all non-needy lunch children in the D.C. system. Table 6 contains tho

results.

An insignificant differential in TTEPP ($8) emerges in favor .:
rneedy lunch children as opposed to non-needy lunch children. This is
not surprising,given the fact that .TTEPP. both east and west of the Park
tends to rise as indices of socio-economic status fall (see tables L.
7 and 8). This effect, on balance, tends to swamp any influence of the Q

Rock Creek Park differential in TTEPP, since so few students are enrolled

west as opposed to east of the Park.
Sunnary
Perhaps the main message of the foregoing material is that one is

hard put to find any significant evidence of discriminatory variation

in the quality of schooling.

when the schools are grouped east and west of the Park a significant
differential in TTEPP does emerge. Howevers our components of variation
analysis strongly suggests that little of this east-west differential in
TTEPP is likely to reflect quality of schooling differentials.

Moreover, because of the lopsided distribution of the system between
west and east of the Park, concentration on this highly symbolic grouping
has obscured the fact that variation in TTEPP throughout the major part
of the system is, if anything, reverse discriminatory in pattern.

However, there may be significant variation throughout the system
generally in the quality of schooling received. As we have shown above,
this all depends on the precise range of values of educational input
variables (like teacher experience and class size) that affects schooling

quality. Ve now turn to an euamina;}on of evidence on these issues.




TABLE 5

TTEPP AND COMPONENTS: SCHOOLS WEST OF ROCK CREEX Pﬁ?.K
GROUPED BY PERCENT NEGRO ENROLLMENT QUAKT ILES

Schools with % MNegro ¢ *:

52.7 - 26..1 - l7o5 - t. - -
93.9 21.0 25.1 [

Mear total teacher , e e
experditure per pupil 86€.28 711.26 666 .81 655.18
Mean average ‘teacher salary 12,087.05 | 12,596.73 | 11,989.81 | 12,200.30

% teachers with < 6 yrs. exp. 45.4 33.3 25.9 28.8

% teachers with > 17 yrs. exp. 21.2 43.6 29.6 36.4
Mean total teachemspupil .0717 .0565 .0556 .0537
Classroom teacherspupil .0507 .0399 .0381 .0358
Special teachers/pupil .0177 .0131 .0141 .0143
Counselors-+-lilbrarians/pupil .0032 ,0034 .0034 .0036
PupiX¥/all teachers 13.95 17.71 17.98 18.62
Pupilstlassroom teacher 19.71 <5.05 26.2 27.53
Pupils/special teachers 56.31 76.23 70.98 69.63
Pupilycounselors +- .ibrarians 315.383 292,22 295.00 279,33

13Qpartile values divide the distribution into approximately four equal parts.
Thus since there are 13 schools west of the park there are 3 or 4 schools

in each grouping.
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TABLE 6

TTEPP ALD COMPONENTS; ALL NEEDY LUNCH CHILDREN
AND ALL NON-NEEDY LUNCH CHILDREN

All needy . All non-~heed/
dunch children lunch childrer
Mean total teacher .
expenditure per pupil $581.06 $573.10
1
Mean average teacher salary $11,002.76 $11,200.56 ]
% teachers with < 6 yrs. exp. 40.33 38.81
% teachers with > 17 yrs. exp. 17.01 19.41
Mean total teachersfpupil .053 .051
Classroom teacherspupil .039 .038
Special teachers /pupil .010 .010
Counselors- 4-1librarians,/pupil .003 .0C3
Pupilsa.ll teachers 19.37 ) 13.9¢
Pupilyclassroom teacher 25.90 ¢, e
Pupilsspecial teachers 110.55 1i8.09
Pupils/counselors +-librarians 338.88 339.4¢
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TABLE 7

TTEPP AND COMPONENTS; SCHOOLS EAST OF THE PARK GROUPED
BY PERCENT NEEDY LW™H QUARTILES

-~

Schools with % needy lunch Children of:

60.7 - 4601 - 2407 - i 0.0 -
99.5% 60.5% 45.0% 24 .6%
Mean gotal teacher expenditure
per pupil 598.08 583.32 548.76 56618
Mean average teacher salary 1$11,014.76 }$10,924.78($11,081.90 [$11,353.42 |
% Teachers with < 6 yrs. exp. 39.8 0 59.2 43.6 35.1
% Teachers with217 yrs. exp. 16.5 16.8 16.8 20.9
Mean t'otal teachaw/pupil .0543 .0534 .0495 .0499
Classroom teachersy/pupil .0395 .0393 .0380 .0372
Special t'eacheryp upil .0113 .010S .0085 .0094
Counselors=+-librarians/pupil .0024 .0035 .003 .0032
Pupilsall teachers 18.42 18.73 20.19 20.05
Pupily/classroom teacher 25.30 25.45 26.30 26.89
Pupils/s pecial t eachers 88.37 94.70 117.78 105.97
Pupils/ ®unselors-+-librarians 289.63 281.80 331.92 308.69
«27-




TABLE 8
TTEPP AND COMPONENTS;
SCHOCLS EAST OF ROCK CREEK PARK
GROUPED BY ADJUSTED MEDIAN INCOME QUARTILES

Schools with Adjusted Median Incomes oi: o
(Lowest) (B i e
(2900 - (4450 = (4975.= | (5090 -
4450) 497S) 6000) I B
Mean total teacher expenditure Y
per. pupil $ 595.44 |§ 606.44 |§ 536.00 ]§ s6-. &
Mean average teacher salary 10,786.92 | 11,349.78 | 10,961.40 | 11,273.72
% Of teachers with< 6 yrs.
experience 42.7 39.9 42.3 56,5
% Of teachers with 2 17 yrs.
eXxperience 15.3 19.3 14.9 21.5
Mean total teachers/pupil .0552 .0534 .0489 089
Classroom teacherspupil .0401 | .0389 .0377 L0708
Special Teachers/pupil . «0115 .0109 .0082 007"
Counselors-plus-1 ibrarians/
Pupil .008€ .0086 .0030 002"
Pupi¥/all teachers 18.11 18.71 20.45 2%
Pupils/classroom teacher 24,93 25.69 26.4° 26 T
Pupils/special teachers 86.78 91.81 122.25 157,17
Pupilsicounselors- plus-
librarians 279.78 276.84 335.91 L
-28-




IV. Evidence on Resource - Quality of Schooling Relations

A. Existing Evidence

As we have shown above, variation in experience mix, class size,
and special teachers per pupil accounts for the variation in per pupil
teacher expenditure among schools. We will first turn our attention to
the relationship between teacher experience and cognitive achievement.

1. Teacher Experience. A priori, one might wonder how exper-

ience can fail to lead to more effective teacher performance, at least *
up to a point. It is important to recognize, however, that while individual

teachers may improve with time, there may yet be no aggregate relationship

between teacher quality and experience.

There are two possible reasons for this. First, new teachers may be
better educated than old teachers were when they entered the systenm,
due, perhaps, to the decline of teachers' éolleges or to an
upgrading of college education generally. If new teacher, get 2% better
each year and old teachers become 2% more effective every year due to
experience, there will be no apparent relationship between experience
ard teacher quality. .

Second, the best teachers may drop out after a few years. Speaking

of new entrants into the teaching profession, Levin says, "... it appears

that many of the most highly endowed of these individuals leave the schools
within three years.“l* If this is true, new -eachers' higher a;erage ability

may compensate for the improvement due to experience of the quality of teachers
who stay more than three years. In this case there need be no aggregate

association between teachers' experience and student performance.

uLevin, Henry M., "A Cost-Effectiveness Analysis of Tescher Selection,"
in The Jouinal of Human Resources, Winter, 1970, p. 33.
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It is highly likely, however, that the relationship between quality
and experience is of the type illustrated in figure 1, rising for the
first few years of teachor service and then levelling out. Unfortunately,
most of the papers we have seen attempt to approximate this "learning"
curve by a straight line. In the event the productivity-experience profil.
is like that in figure 1, the linear approximation will bias the result
towvard insignificance.

teacher
quality

2 aund

teacher
experience

Fig. 1

+ Both Levin and Michelson, who {vund a positive impact of

experience on output, seem to hawve used imposed linear tom.ls’ls

“>Michelson, Shephan, “The Association of Teacher Resources with Children's
Claracteristics,” in Do Teachers Make & Difference? U.S. Department of
Health, Education, and Wellars, OFfice of Bducation, Bureau of Bducational
Personnel Development, p. 144,

15 o . _
Levin, Henry M., "A New Modal of School Effectivensss," in Do Teacher<
Make a Difference? U.S. Department of Health, Mucation, and Welfare,
ce 0 ucation, Bureau of Bducatioral Personnel Development, 1970. i«
does not specify vhat precise form he uses, but it is probably either linen
ér log-linear. The criticism in 3)60 text is equally valid in either cas..
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Xatzman, in his finding of a positive relationship between experience

17 He describes the

A achievement, used a slightly different form,
axperience mix of teachers i @ school by fhe percent of teachers with
Y~e5 than ten years of experience., He finds that a larger percentage of
' rachers with less than ten years of experience yields lower produc-
tivity. This tells us very little about the continuous relationship
between output and experienne described in figure 1 and thus suffers
“vron the same flaw as the linear assumption mentioned previously. It is
t.cwever, a step in the richt diraction, since this percentile approach
-.11 be more sensitive (have a higher correlation) to experience effects
17 in fact the underlying relation is as depicted in figure 1,

A large number of other studies that we reviewed tended to show that
{.! nre was no necessary connection, ceteris paribus, between teacher

18,19,20,21,22,23

experience and pupil achievement. This finding strongly

-

L/Katzman, Martin T., "Distribution and Production in a Big City Elementary

School System," in Yale Economic Essays, Yale University Press, New Haven,
Connecticut, Spring 1968, p. 212

l8Plowden, Bridget, Children and their Primary Schools, A Report of the
Central Advisory Council for Education (England), Her Majesty's Stationary

Office, Lonaon, 1967, volume 2, p. 215.

13 Guthrie, James W., Kleindorfer, George B., Levin, Henry M., and Stout,
Robert T., Schools and Inequality, The Urban Coalition, p. 27<.

20Mayeske, George W. et al, A Study of Qur Nation'!s Schools, U.S. Department
0! Health, Education, and Welfare, Office of Education, 1970, pp. 275-329.

<lHanushek, Eric, "The Production of Education, Teacher Quality, and
Efficiency," in Do Teachers Make a Difference? U.S. Department of Health,
Education, and Welfare, Office of Education, Bureau of Educational Personnel
Development, 1970, p. 90.

2?‘l-lanushek, Eric, "Teacher Characteristics and Gains. in Student Achievement:
fotimation Using Micro-Data,” paper presented at the American, Econonics
Association meetings, December 1970, as yet unpublished, wid3 appear in the
American Economic Review Papers and Proceedings, May 1971, pp. 11, 15.

23‘Bt.xrkl'weacl, Jesse, Input and Output in Large City High Schools, Syrizuse
University Press, Syracuse, New York, 196/, pp. 49-56, Bl-84.
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supported the Schcol Board's position in Hobson v, Hansen, but we

found it hard to Lelieve. The statistical techniques used often biase:i
the results in this direction and never shed light on the issue we

cared about: the point where the learning curve {(figure 1) flattens
out. In addition, the variation in findings in studies of different
school systems strengthaned the belief that the best way to learn

about the shape of the experience-productivity profile in the Washington
schools was to study the determinants of student achievement in the
Washingtn schools.

2. Pupil teacher ratios. Do variations in class sizes within

the ranges we have documented contribute to quality of schooling varia-
tion? Many studies find they do not. Welch and the Plowden Report
report a posicive relationship between class size and perfomance.zf*""E
Katzman concurs in this finding, though he finds that crowding has a
negative impact on performance.26 Welch finds what appears to be a
significant negacive relationship between numbe:.s of staff per 100 pupil:
and the monetary returns to one unit of schooling. Plowden notes,

", ..(We) found, as other inquiries have done, an asscciation between
better work and larger classes..." The report qualified this bv

asserting that there were invariably other favorable circumstanc::

o 27
associated with the larger classes to acoount for their superiority.

248 .
‘Welch, Finis, "Measurement of the Quality of Schooling," in the
American Economic Review, Paper and Proceedings, May 1966, p. 390.

25Plowden, Primary Schools, p. 18l.

26y atzman, Big City School, p. 220.
27

Plowden, Primacy Schools, p. 18l.
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30
" in the Journal of Human Resources, Winter, 13870, p. 27, see footnote 5.

Buckhead finds no significant impact of class size ~n performance in

Atlanta.28

Raymond found that the student-teacher ratioc bears

ahiolutely no relationship to pupil achievement in West Virginia.29 Levin
savs that "no rigorous study ha. shown a consistent relation between

ciwns size and achievement within the ranges of class size under considersi-

030

tion. He also cites evidence that even drastic reductions in class

s.ze and student-teacher ratios show little effect on standardized
zchievement scores.31

Thus, the existing evidcnce is, at best, inconclusive on both the
lssue of where the "cut-cff point"™ on the experience learning-curve comes

i@ on just what ranges of class size variation influence quality of

instruction.

B. - An Analysis of D.C. Test Score Data

In September 1970 a reading achievement test was given to all 6th
grade students. A multiple regression analysis of the across-school
variation in these scores was performed in an attempt to add to our knowiedge

in this crea. The following variables were included in the analysis:

¢

jBBurkhead, Jesse, op. cit., pp. 69-72. He concludes that the ratio of
faculty to students is of some significance in explaining tenth grade
verbal scores, but this is .ot clear in his empirical section.

“IRaymond, Richard, "Determinants of the Quality of Primary and Secondary
Public Education in West Virginia," in The Journal of Human Resources,
Volume III, Number 4, Fall 1968, p. 460.

Levin, Henry M., "A Cost-Effectiveness Analysis of Teacher Selection,"

51Fox, David J., "Expansion of the More Effective School Program,"

Evaluation of New York City Title I Educational Projects .1966-67, Center
for Urban Education, New York, s PD. 32-44.
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Y = median 6th grade reading achievement test score

>
n

1 = percent of needy lunch children in total school enrollment

X2 = median 2nd grade reading achievement test score
Xy = cther than regular D.C. expenditures per pupil
x4 = ratio of all teachers to pupils
XS = a degree mix index
X6 = number of pupils
X, = percent of teachers with less than 6 years experience
x8 = percent of teachers with 7-10 years experience
x9 = percent of teachers with 11-16 years experience
Xlo = index of teacher inputs
xll = number of teachers new to the school
xlz = teacher expenditure per pupil
xlo, the index of teacher inputs, is cgiculated along the lines

suggested by our discussion in the previous section. An experience-procactivity
profile, f, is hypothesized; each teacher is weighted by the productivity
gain assumed for his experience class; and the average of this experience
input is calculated for each school. Analytically,

xlo = , zeféxe'

Ze¥e

where xe is the number of teachers in an experience class and fe is the
assumed relative productivity of that experience clasa. We have
divided teachers into twenty experience classes: 0, 1, 2, to 16 in 1

year increments, 17-20 years, 21-25 years, and 26 and




more years of experience. F is a vector which describes an assumed
productivity profile. If 2 is a column vector of the fraction of a

school!s teachers in each experience class, Xlo =F3 F= (fl, f2, f3 ........

f We have used a number of different F's and compared their

20)°
success in yielding .lo's which explained variation in Y.

We hoped that variable xl would provide & control for variaticn
in student input variables (I.Q., family environment, etc.). This is
undoubtedly a very crude approach, and our results should be viewed
accordingly. The analysi$ was restricted to schools east of Rock Creek
Park. We did this in order to minimize the amount of intercorrelation
between student input variables and our school input variables.

Second grade reading score, X,, \contemporaneous with our dependent
variable, was used as a further indicator of the socio-economic
status of the children in each school.

We use reading scores as the measure f educational output. The
criticism may be raised that this is wrong or simplistic. Perhaps a
nunber of outputs, including such things as student behavior and student
attitudes, would be a more complete description of the output of the
educational process. However, much of the work done on educational

production functions (e.g., Harwushek, Burkhead, Plowden, Raymond,

’ 32
¥atzman, and the California State Senate study ) presents single equaticn

g models that use cognitive variables, such as reading scores,as the

educational output variable. The results of those researchers who

2

3 Senate Fact Finding Committee on Revenue and Taxation, "State and
Local Fiscal Relationships in Public Education in California," Senate
of the State of California, March 1965.
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simultaneously estimatea the production of cognitive and non-cognitive
ontput variables were not notably different from single equation
estimates arrived at bv the same people with respect to the impact

of schocl-related determinants of cognitive cutout.33 Thus we feel
justified in using single equation techniques in this case. Besides,
we have no data on non-cognitive outputs. We recognize, however, the ' ‘

rossible theoretical ad/antages of simultaneous estimation.

We were not able to use a measure of teacher verbal ability as
an independent variable in our regresSions,because we did not have th¢
requisite data. Many p2ople have found this to be a significant
variable in explaiuing pupil achievement. For our nurposes, however,
the omission is probably desirable. We were not interested in estimat ...y
a "pure" experience effect, i.e., the effect of experience on the
nroductivity of an individual teacher. Rather we wanted to measure
the relationship at a point in time between the productivity of te=.* : :
with more experience and teachers with less experience. If teacher
veprbal ability is correlated with experience, as it may well be,
inclusion of verbal ability in the regression would mask the conter;.rarec:.s
relaticnship between experience and productivity.

We were interested in testing the hypothesis that teacher  «, :i. su¢
stopped yielding productivity gains after relatively few years
against the hypothesis that teacher salaries accurately reflected

.

teacher productivity.

-

°-ee the articles by Levin and Michelson in Do Teachers Make a
_ifference?, op. cit.
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To determine the explanatory significance c¢f the teacher salary

hypothesis,we ran a reqgression of the form:
Y = pg + 81X * BoXz * B3X3 4 BaXg + BsXg + Xy + ByXyp

The variable xll’ teachers new to the building, was included to test
the hypothesis that it takes a while for a teacter to get used to a new

school building assignment:

Variable Coefficient t-value
Constant 1.01
X, 1.5 x 1o‘i -4.90
X, 5.3 x 10 » 2.92
X3 -1.47 x 10_4 -1.47
xS_ 3.79 x 10—5 1.16
X6 2:23 X 192 .09
X1 -1.9 x 10 c -1.25 j
X0 -3.62 x 10 -0.06 :

Only the socio-economic variables were found to be important in
this formulation. The non-D.C. expenditure variable has the wrong
sign, indicating that it is negatively correlated with student status,
and that the money is being spent in a compensatory fashion. Teacher
experditure per pupil, holding degree mix constant, was nctable for
its lack of significance.

We neglected to include teacher/pupil ratio in this equation,
and thus X12 is measuring the influence of the number of teachers

as well as the effect of teacher salary. Unfortunately, we did

not have time to include X4 in this regression, but since Xa did
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not prove to be significant in any regression in which it was included,
we feel that the t-value of x12 is a suitable test of the teacher salars
hypothesis.

To test the conten’ ion that experience aids productivity for a

limited number of years, we ran regressions of the form:

Y

Bg + B1X) + ByXo + B3Xg + BaXy + BgXg + peXg *+ B7Xyy + Bg¥a

or Y 50 + slxl + 52X2 + e3x3 + g4x4 + gsxs + qsxs + q7xll + pd‘a.

where we imposed F's of the form illustrated in figure 2.

due to experience

productivity gains

P

experisnce

FIG, 2:
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The value of C , the cutoff point at which experience ceased to 1

yield returns, was varied from regression to regression. Once again ve
found the socio-economic variables to be important. Teacher/pupil ratios,
degree mix, school size, and number of new teachers did not have signil‘carct

coefficients. Our findings with respect to teacher experience follow.

t-value of R2 of

' Regression

C coeff, of )'(10 Equation
5 -1.38 .6492
6 2.14 .6592
7 2,19 .6600
8 2.17 .6596
9 2.05 .6578
10 1.96 .656%

Thus it would seem that there is support for the hypothesis that a cutoff
point on the learning curve comes in the neighborhood of 6 to 8 years of
experience exists,

Some confirmation of this was gained via a regression of the form:

Y= Bo + B,Xy + B

11 X2 + B Xy + B,X, + BX. + B X, +

2 373 474 575 676

+ B,X,, + B

2*11 X7 + B, X, + B, X

8 978 109

BB’ Bg, and B10 are designed to measure whether teachers in the experience
classes delineated by X7, XB’ and x9 are significantly different in

productivity than teachers with more than 16 years of experience. We

found
Variabhle Coefficient t-value
X, -7.3x 1071 -2.08
Xg 2.4 x 1071 0.38
X -4.6 x 1071 -0.82
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Oniy the teachers with 0-6 vears of experience were found to be significantly
less productive than those with 17 and more years of experience, The countar-
ir=aitive sign of the coefficient of X8 combined with its low t-ratio
.~rengthens the belief tha' *t shculd be taken as zero.

It seems then, th.: tlere is a case to be made that experience ceases
to matter after 5 or 7 v=ars and that, if anything should be equalized to
1sve toward equal educaticnal opportunity, it is the percent of teachers with
1zc3 than 6 years of experience, not per pupil expenditures on teachers.

We tend to take tli.s conclusion with a grain of salt, however.

Fir +, one mus* be wary in drawing conclusions from a variation in t-

values between 1,96 and 2.14. Second, the regression which embodies the
percent of teachers in various experience classes cannot be said to strongly
support an assertion more sweeping than: teachers with zerc to 6 years

0. experience are more inferior to teachers with more than 16 years of

e- parience than any other experience group. This would be true even if
experience contributed to productivity up to 16 years. Third, we experi-

me ted with regression forms that were designed to discriminate among
experience-productivity profiles that approached an asymptote with varying
degrees of rapidity. We found that the slower the asymptote was approached,
the better the R2 ., We can think of 3 possible reasons for this,

1) experience really does continue to matter for a long time; 2)

experience does not matter at all (the limiting case of those used

in this formulation was a flat line incorporating nc productivity
increases); and 3) since our obgarvational units were schools,

and most of the teachers are in the under-10 years of experience
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category, with only 14 percent having more than 16 years of experience,
we were discriminating among schools with differing proportions of their
teachers in different experience classes under 10 years.

We do not feel t! our data is strong enough to distinguish ameng
these possibilities. We are Fentatively willing to say that experience
stops adding to productivity af;er 6-8 years and that pay increases over-
state productivity gains after that point. These findings are consistent
with the hypothesis used in section II to decompose the variation in
average teacher salary into quality and non-quality components. However,
we think that the tests we used would be more enlightening if applied to
class-wide data and if the distribution of teacher experience in the sample

were more uniform.

IV. Summary and Concluding Comments

As we noted at the outset, the United States District Court for D.C.
has held that with regard to individual public schools:
"The minimum the Constitution will require and guarantee
is that for their objectively measurable aspevts these schools
be run on the basis of real equality...."
The difficulty in implementing thnis dictum is in defining - .
justwhich "objectively measurable aspects™ to fccus on.
The plaintiffs in the case and Judge Wright have focused on teacher
expenditure per pupil as a relevant index to equalize. :
We have shown, however, that observable variation irn teacher expenditures
per pupil within the D.C. school system greatly overstates the variation in
those tangible educational inputs that produce variation in the quality of

schooling received.
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Consider first the major component of expenditure variation--total
tedachers per pupil. A decornosition of this factor into classroom vs.,
2-%al teachers (i.e., snecial subject plus special teachers of regular
students) revealed, surprisingly, that variation in special teachers per
pupil was slightly more important than classroom teachers per pupil in
aceount i for the overall variation in total teachers per pupil.
it was shown that th~:re is a very close (negative) correlation betwcen
viv: tize of a school's enrollment and the ratio of special. teachers to
on: sllmenc, This empirical relation, we argued, is likely to reflect true
"urtainted" economies c{ utilization with regard to special teachers'
*“im2 in larger schools,
tur analysis also revealed that about 2/3 of the children in the
D, <, system are in classes with pupil classroom veacher ratios of between
o b ard 28.4. No empirical studies of school inputs could isolate any
¢ !t within this ranve of class size on educational quality.
Turning now to the other component of variation in TTEPP, average
tcacher salary, our major findings were: (1) only abaut 20% of the
‘ariation in average tr.ach:er salary is associated with variation in the
.cr~ont of tecachers with liss than 6 years of experience and (2) empirical
Jata de suyyest that teacher productivity increments with experience tease
I-foce longevity salary increments do. These two findings suggest that
the majority of the variation in average teacher salary across schools is
ot assrelated with teacher quality variation.
Pliintiffs in the case also claim that the D.C. School Board has
viulatcyd the court's permanent injunction against discrimination in the

coaration af the D.C. public school system.
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We feel that we have demonstrated quite convincingly that with regard
to discriminatory variation,the situation is best described as "mush acn
about nothing." As we have shown in takle 4, the expenditure diffcrential
between all Negro pupil. and all non-Negro pupils comes to $67.54. ilowever,
since Negroes comprise 957% of all students in the D.C. system, an

equalization order would have the effect of rairing expenditures on the

average Negro student by only $3.39., Also we have shown thot ao
equalization order would actually, on balance, transfer expenditures Irom
needy lunch children to ron-needy lunch children. (See Table 6).

One cannot help but.sympathize withvthe objectives of the plantiffs
in this case. However, these good intentions will be of no avail if they
are implemented by methods that will in fact bring about the reverse of
what was intended. This then is the great danger of imposiﬁg an expenditure
equalization order: it has a highxpgobability of doing nothing to improve
the situation., a smaller but still significant probability of making the
situation worse, and only a very small probability of improving the
situation. On balancesprudence would appear to dictate a more selective

approdach,
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